Abstract
deciduous forest of the Serra Geral slope, Rio Grande do Sul, Brazil, to support proposals for sustainable management of small height. In the low forest occur individuals of A. concolor, S. bonplandii, C. ramosissima, Piper spp., Celtis spinosa Spreng., U. baccifera and Trichilia elegans A. Juss. The stratum of the vines is represented by specimens of Mikania spp., Aristolochia spp., Smilax spp., Dolichandra unguis-cati (L.) LG Lohmann, Fridericia chica (Bonpl.) LG Lohmann, Cuspidaria spp., Serjania spp., Paullinia Spp. and Phanera microstachya (Raddi) L. P. Queiroz. Among the epiphytes are Cattleya spp., Brasilidium spp., Rhipsalis spp., Tillandsia spp., mosses and lichens. In the high forest, the trees Phytolacca dioica L., Zanthoxylum spp., Cedrela fissilis Vell., Cabralea canjerana (Vell.) Mart., Cordia trichotoma (Vell.) Arráb. ex Steud., Myrocarpus frondosus Allemão, Parapiptadenia rigida (Benth.) Brenan, Apuleia leiocarpa (Vogel) J.F. Macbr., Enterolobium contortisiliquum (Vell.) Morong, Luehea divaricata Mart. & Zucc., Cordia americana (L.) Gottschling & J. S. Mill., Ocotea spp., Nectandra spp. and Vitex megapotamica (Spreng.) Moldenke (BRENA, 2001) . Brena (2001) also points out that the secondary forests, resulting from abandoned crops, are initially constituted by individuals of Solanum mauritianum Scop., Trema micrantha (L.) Blume and Baccharis dracunculifolia DC. Over the years, also occur individuals of Inga marginata Willd., P. rigida, Ocotea spp., Nectandra spp. and Bauhinia forficata Link.
In addition to the classification between the Alto Uruguay and the Serra Geral slope formations, the literature classifies the SDF of RS in the following types of formations: alluvial, submontane and montane (IBGE, 2012; MARCHIORI, 2002) . The alluvial type is represented by the riparian forests of the Jacuí, Ibicuí and Santa Maria rivers, with a general occurrence of deciduous hygrophyte species, adapted to the alluvial environment, L. divaricata, V. megapotamica, Inga vera Willd., Ruprechtia laxiflora Meisn. and Gymnanthes klotzschiana Müll. Arg. The submontane type accompanies the slope of Serra Geral, in every portion west of the Caí river to the Jaguari region, occurring between 30 and 400 m above sea level, where the species are adapted to the subtropical climate. And the montane, it gathers species adapted to the accentuated seasonality, in the altitudes between 400 m and 600 m. Above 600 m, in the RS, the Mixed Ombrophylous Forest occurs (IBGE, 2012; MARCHIORI, 2002) .
Phytosociology is an important resource to verify the conservation of ecosystems and to base diagnoses of the sustainability of anthropic activities. Its application can base recovery and management plans. The objective of this review is to compile the results of floristic and phytosociological studies of the SDF arboreal stratum of Serra Geral of RS, in order to elaborate a general characterization of this vegetation (typical species and medium phytosociological and diversity indexes), aiming to obtain an average parameter for comparison in future studies; besides explaining which regions and formations are the most studied and which need more studies.
Material and methods
In order to search for bibliographical sources, we consulted the portals of CAPES / MEC, SciELO and Google Academic journals, using the following keywords separately: 1) "fitossociologia rio grande do sul"; 2) "phytosociology rio grande do sul"; 3) "florística rio grande do sul"; 4) "floristic rio grande do sul"; 5) "floresta estacional decidual rio grande do sul" and 6) "seasonal deciduous forest rio grande do sul". Only the first 300 entries were selected, if there were more results than this cut-off point. Of these entries, only books, monographs, dissertations, thesis, scientific notes and complete articles were chosen, free and available online. After that, a summary of these works was verified, in order to determine which were related to the floristic and phytosociology of the arboreal stratum of the SDF in RS. Then, the works related to the SDF of Alto Uruguay were excluded, separating only those of the from Serra Geral, by comparing the cited coordinates of the study area with the shape of the Decidual Seasonal Forest in RS, a file available in FEPAM (2016). The total of preselected results was 219 studies (Figure 1) . However, 62 studies (50 papers, 5 thesis, 6 dissertations and 1 report) were selected, of which 44 were phytosociological, 15 floristic only and three, phenology. In the results there were also citations for a book, which was added in this review , of which six articles are on the screen. In addition, the master's dissertation of the first author (ZERWES, 2016) , whose chapter 2 is the basis for the present article, was added; as well as the Final Report of the Continuous Forest Inventory (BRENA, 2001) .
For the calculation of the medians, standard deviation and amplitudes of the data we used BioEstat 5.3 software (AYRES et al., 2007) . Only the studies of the adult arboreal stratum that had an explicit sample adequacy evaluation in the text or sample area equal or superior to 10,000 m² were considered according to Kersten and Galvão (2011) . This area would be close to the minimum for adequate sampling of a tropical forest. Of the variables by type of formation (alluvial, submontane, montane and transitions), studies that did not present the data separated by formations, or that did not mention the altitudes of the sample areas, were disregarded. In the case of studies presenting data already published in an earlier study, the original data were chosen. In this selection, only 37 articles with 73 sample areas remained. In the same software, normality was assessed by the D'Agostino test (k samples), and the formations were compared by Kruskal-Wallis tests combined or not with the Dunn (non-parametric) or ANOVA (parametric) test.3
Results and discussion

Municipalities studied
In the SDF of the slope of the Serra Geral do RS, studies of the tree stratum are distributed along 29 municipalities ( Figure   2 ). Santa Maria is the municipality with the highest concentration of studies (20), followed by Santa Tereza (seven), Cachoeira do Sul (five), São Martinho da Serra (four), three municipalities with three studies each, five municipalities with two studies each and 17 with one study each. Based on Figure 2 , it can be seen that the regions of the Caí river basin, the Antas river valley, slope north of Agudo (high Jacuí river basin), a region between Estrela and Santa Cruz do Sul (Forqueta river basin and Venâncio Aires) and the region between Jaguari and Santa Maria (Ibicuí-Mirim river basin) still lack studies. Source: FEPAM (2016) and study data 
Methods and inclusion criteria
Sampling methods and inclusion criteria for height (h), diameter at breast height (DAP) or breast height perimeter (PAP), are diverse for both the adult tree stratum (Table 1 ) and for the natural regeneration (Figure 3 ). Three floristic studies use the walking method, however, each with different inclusion criteria or with no defined criterion (all existing individuals being sampled). For phytosociology, 27 studies use the square plots method of 100 m², but also with different inclusion criteria. The 10 by 20 m plots are used in ten studies. As different methods, eight other studies use plots of varying sizes (500 m², 2 by 20, 12 by 12, 15 by 50 and 10 by 100 m), two use quadrants, one uses transects, one uses tracks along a trail and other individual census. In natural regeneration studies, circular samples of varying sizes predominate. In view of the above, it is noticed that there is no standardization between studies, especially those of natural regeneration. This fact may hinder the comparison of certain parameters between the studies (JARENKOW, WAECHTER, 2001). Table 1 Ciência e Natura v. 40, e41, 2018 Circles 10 m²:
• PAP < 15 cm -Farias et al. (1994) ;
• PAP ≤ 15 cm -Machado and Longhi (1990);
• PAP < 15 cm and h ≥ 0,3 m -Marcuzzo, Araújo and Longhi (2013) , Marcuzzo et al. (2014) .
Circles 25 m²:
• h ≤ 0,3 m - Andrae et al. (2005) .
Circles 100 m²: Source: data from the study
Formations studied
Of the 62 studies, seven deal exclusively in alluvial formation, 41 exclusively in the submontane formation, and four exclusively in montane formation. Three studies contemplate areas in alluvial and submontane formation and their transition; three contemplate, in their surveys, sub-montane and montane formations; two others contemplate all three formations; end yet, there are two studies that contemplate the transition of the montane formation with the Mixed Ombrophilous Forest. Considering the aspect of SDF marginal areas, the use of information from nearby areas, especially the Mixed Ombrophylous Forest (such as the areas in the municipalities of Anta Gorda, Júlio de Castilhos, Nova Brescia, Nova Petrópolis, São Martinho da Serra, Santa Tereza and Sinimbu) and the contacts with the Pampa Biome (Cachoeira do Sul, Fazenda Vilanova, Jaguari, Pantano Grande, São Jerônimo and Santa Maria), may affect the inclusion of characteristics that are not the same as the SDF core. However, this separation is not the focus of the present study, which would require a multivariate analysis of the floristic, phenology, diversity and phytosociology data of all the studied areas, in order to separate the possible groups. It is also worth mentioning that we compared the classification of the authors of each study with the SDF shape file available in FEPAM (2016) using software Quantum GIS, so as not to include studies that would be outside SDF.
Objectives and themes
The objectives and themes of the 62 studies selected, range from descriptions of floristic composition to multivariate grouping analyzes and their relationships with environmental and physical disturbances, or vegetation dynamics, which highlights the importance of phytosociology in understanding the dynamics of plant populations and their relationship with biotic and abiotic factors. Papers focusing exclusively on floristics are produced by Bueno et al. (1987) , Tabarelli (1992) , Markus and Freitas (2011), Brackmann and Freitas (2013) and Melo, Putzke and Putzke (2014) . Grings and Brack (2009) also raise floristics, however, throughout the municipality of Nova Petrópolis. In turn, phenology is the theme of Andreis et al. (2005) , Athayde et al. (2009) and Alberti, Longhi and Morellato (2011) . Meanwhile, the spectra of the different diaspore dispersion strategies are characterized by Giehl et al. (2007) on a slope and by Budke et al. (2005) in riparian forest.
Machado and Longhi (1990) on a hill, Farias et al. (1994) in military area, Longhi et al. (1999) and Hack et al. (2005) on rural properties, Longhi et al. (2000) in an association, Jarenkow and Waechter (2001) on a slope; Budke et al. (2004) , Lindenmaier and Budke (2006) , Callegaro et al. (2012) , Milanesi and Leite (2014) , Teixeira et al. (2014) and Naujorks, Laindorf and Putzke (2015) in ciliary forest, Sühs, Putzke and Budke (2010) and Sühs and Budke (2011) in conservation unit, Bianchin and Bellé (2013) in alluvial formation and Garcia et al. (2013) in a training center, aim to characterize the composition, structure and phytosociology of the arboreal stratum. Mundeleski, Schmitz and Biondo (2008) , as well as floristic and phytosociology, also size the infestation of Hovenia dulcis Thunb. in riparian forest.
The quantitative-qualitative evaluation of forest resources is the objective of Brena (2001), while Glufke et al. (1994) analyze the production of a natural SDF in Santa Maria (commercial volume and wood quality). The forest fragments in dairy farms and their relation with the sustainability of the activity are the themes of Markus (2014) specifically in permanent preservation of Serra Geral slope from Rio Grande do Sul deciduous forest of the Serra Geral slope, Rio Grande do Sul, Brazil, to support proposals for sustainable management areas (APP), and of Zerwes (2016) , in the APP and areas proposed for legal reserve. Spellmeier (2008) and Spellmeier, Périco and Freitas (2009) study the effect of grazing on vegetation. Sccoti et al. (2011) and Sccoti (2012) work with the analysis of vegetation clusters and their dynamics and regeneration potential, also including analysis of seedling banks, seed bank in the soil and seed rain; which is also the theme of Araújo (2002) and Araújo et al. (2004) . The cluster analysis is also used by Callegaro, Araújo and Longhi (2014) in a conservation unit. Vaccaro (1997) and Vaccaro, Longhi and Brena (1999) compare vegetation structure between three successional stages; and the studies by Kilka and Longhi (2011b) and Vaccaro (2012) , evaluate the changes in floristic composition and phytosociological structure, the dynamics of entry and increment in basal area and mortality of specimens. In this bias, Marcuzzo et al. (2014) (2014) and Almeida et al. (2015) . Scipioni, Galvão and Longhi (2013) evaluate the differences of ecological guilds between the clusters. Budke, Jarenkow and Oliveira-Filho (2006) and Budke (2007) , besides evaluating topography and pedology, evaluate the influence of flood pulses disturbances on vegetation. Another complex study is that of Kilka and Longhi (2011a) , which focuses on the predominant taxonomic groups and floristic similarity between several areas along the Serra Geral slope and the potential use of each species.
Diversity and Phytosociology
The species richness of the SDF of the Serra Geral Slope (without considering natural regeneration), in 37 studies that present a sample intensity calculation, has a median of 54 species (σ = 33.7). The amplitude is of 217, with only six tree species (SPELL-MEIER, 2008) and up to 223 in the Forest Inventory of Rio Grande do Sul (BRENA, 2001), however, also considering the SDF of Alto Uruguay; and the maximum for only from the SDF of the Serra Geral Slope is 160 species (SÜHS; PUTZKE; BUDKE, 2010).
In alluvial formations, the median richness becomes 36 (σ = 13.7), with an amplitude of 43 (minimum = 6). In the transition between alluvial and submontane formations, in the only study , the richness was 90 species. In the submontane, the median is 54 (σ = 22.3), with amplitude of 106 (minimum = 24). In the transition between submontane and montane, the median is 68.5 (σ = 17.1), with an amplitude of 41 (minimum = 43). And on the montane, the median is 56 (σ = 38), with amplitude of 117 (minimum = 43). Alluvial formation has a significantly lower richness compared to submontane, montane and submontane / montane formations (Kruskal-Wallis H = 12.8238; gl = 3; p = 0.005; Dunn p <0.05). This lower abundance of alluvial formation may be associated with frequent flooding and hydromorphic soil, which, according to , leads to greater ecological dominance of species adapted to this environment, such as G. klotzschiana.
It should be noted that different sampling methods may, however, reflect differences in richness. Therefore, in formations with few studies (transitions between alluvial / submontane and submontane / montane), it is recommended to evaluate the methods used before comparing them.
As for the most representative families, Fabaceae is the richest in 55.2% of the areas surveyed (73), with up to 16 species in a single survey. According to Jarenkow and Waechter (2001) , there is a predominance of species of Fabaceae in the seasonal forests that come from the migration corridor of the Paraná and Uruguay river basins, and its success is possibly due to the association of nitrogen-fixing bacteria in their roots. Myrtaceae is the richest family in 41.4% of the studies, with up to 18 species in a single study. This family include species that occupy the canopy or understory and are widely distributed in the RS or from the Atlantic contingent (GRINGS; BRACK, 2009). Lauraceae is the richest in 1.7% of the studies, with up to eight species; and Euphorbiaceae is the richest, too, in 1.7% of the studies, with up to nine species.
The richest genus in 83.7% of the studies (considering only those with more than three species per genus) is Eugenia, with up to nine species in a single study; this genus of Myrtaceae has wide distribution and richness in the state of RS (JARENKOW; WAECHTER, 2001). Other genera with relevant richness are Myrsine (up to six species in a single study), as well as Ocotea and Zanthoxylum (four each).
Among the species with the highest indexes of importance (IVI), the following stand out in 41 sample areas: A. concolor 
and Trichilia elegans (one each).
A. concolor is a dominant species in the understory, which means that it has a high density and frequency in several studies (JARENKOW; WAECHTER, 2001; , thus raising its IVI. T. elegans is also a species of understory. A. edulis, C. sylvestris and C. vernalis stand out in secondary forests because they are light demanding species, whereas E. ramboi, L. divaricata and N. megapotamica are common species with great dominance in the canopy of secondary and primary forests (GLUFKE et al., 1994; GRINGS; BRACK, 2009) . G. klotzschiana presents high IVI in alluvial and/or riverine forests, where it adapts to the hydromorphic environment (BUDKE, 2007) , as well as M. paraguariense (TEIXEIRA et al., 2014) . L. molleoidesis a more common species at the west end of the SDF, being an pioneer (DULLIUS, 2012) . H. apiculata has high densities in the western half of the SDF (LONGHI et al., 1999) . M. frondosus, although threatened with extinction, may form clusters, such as that recorded by Longhi et al. (2000) and T. clausseni, is associated to the mature forest, usually occurring on slopes with rocky outcrops (KILKA; LONGHI, 2011b).
About invasion of exotic species, it is diagnosed in 31 of the 73 sampled areas, with an average of 4.3 or median of two exotic species per area. The greatest richness of exotic species (22) is recorded by Zerwes (2016) on dairy farms. However, 12 studies have sampled only one exotic species. The species that generate the greatest concern are the invaders H. dulcis and Tecoma stans (L.) Juss. ex Kunth, who have eradication policies due to their infestation in certain areas of the SDF of Serra Geral (MUNDELESKI; SCHMITZ; BIONDO, 2008; ZERWES, 2016) .
Only 13 studies present the evaluation of the species distribution per migratory contingent, where in eight the species of wide distribution in the RS obtains the greatest species richness, while in the other five, the greatest richness is in the species of the western contingent (Paraná-Uruguay river basins). The distribution of migratory contingents by density of individuals is measured in ten studies, where eight show greater species richness in the wide distribution in the RS contingent, and two in the western contingent. Thus, the SDF of the Serra Geral Slope tends to have larger participation of species of wide distribution in RS, followed by the western contingent, while the other contingents make a small contribution.
As for the propagation syndromes of propagules, twelve studies evaluate the distribution by the species richness, where all obtain greater number of zoochoric species. While in the distribution by density of individuals, of the ten studies, eight presented higher density of zoochory and two, autochory. Budke et al. (2005) emphasize the important contribution of biotic agents in the dispersal of propagules in forests, but the autochory, presents a considerable contribution in terms of density in the forest, due to the large number of individuals in the underwood such as A. concolor or typical of riparian environments as G. klotzschiana.
In the question of ecological groups of succession, 18 studies present the distribution by species richness and by density. In richness, the group of light-demanding species for its development (or even light-demanding or early secondary climaxes) is the richest in 15 studies, followed by species called plastic (or adaptable to various environments) in two studies, and understory species in one study. By individuals, the group of light-demanding has the highest number of specimens in only five studies; while the shadow tolerant (or late secondary) are the most abundant in nine studies. The understory group is the most abundant in three studies and the pioneers in a single study. According to and Vaccaro (2012) , a more advanced forest tends to have larger proportions of late secondary and understory species, whereas earlier stages tend to have higher proportions of pioneer and early secondary species; from the evaluation of these proportions it's possible infer the degree of ecological succession of the forest. The diversity and the equability of the arboreal stratum species of the Serra Geral Slope (without considering natural regeneration), respectively, through the indexes of Shannon-Wiener (H') and Pielou (E'), has a In alluvial formations, the median H' and E', respectively, become 2.82 and 0.81 (σ = 0.24 and 0.03), with amplitude of 0.55 and 0.06 (minimum = 2.54 and 0.78). In alluvial to submontane transition, H' and E', respectively, are 3.52 and 0.77. In sub-montane formations, the median H' and E', respectively, are 3.21 and 0.78 (σ = 0.66 and 0.14), with amplitude of 2.15 and 0.38 (minimum = 1.66 and 0.46). In the transition from submontane to montane, the median H' and E', respectively, are 3.17 and 0.80 (σ = 0.10 and 0.04), with amplitude of 0.14 and 0.05 (minimum = 3.10 and 0.77). In montane formations, the median H' and E', respectively, have the values of 3.12 and 0.79 (σ = 0.24 and 0), with amplitude of 0.55 and 0 (minimum = 2.789 and 0.79). There was no significant difference in H' (ANOVA F = 0.2523, p = 0.9065) and E' (Kruskal-Wallis H = 1.5727, gl = 2, p = 0.4555) among the environments. However, as in the richness, it should be emphasized that the different sampling methods may end up reflecting differences in the indexes.
About the density, this value is very variable (median = 1478.9 ind.ha -1 , σ = 977.9), since the different inclusion criteria generate considerable changes in the number of individuals per hectare. Thus, the ideal is only to make comparisons between studies with the same inclusion criteria: DAP ≥ 5 cm (median = 2052 ind.ha -1 ; σ = 128.1), DAP ≥ 10 cm (median = 754 ind. ha -1 ; σ=133,3), PAP ≥ 15 cm (median = 1622.9 ind.ha -1 ; σ = 332), PAP ≥ 10 cm (median = 3722.5 ind.ha -1 , σ = 1091.5) , PAP > 20 cm (2305.56 ind.ha -1 ), PAP ≥ 30 cm (median = 504), PAP between 15 and 30 cm (median = 1039 ind.ha -1 ; σ = 168.4) and PAP between 5 and 30 cm (2485 ind.ha -1 ). As for dendrometry, considering all the forest strata (understory, medium stratum, canopy and emergent), the median DAP is 12.4 cm (σ = 5.0) and the height is 8.8 m (σ = 2.4). These values are below the average for the state of RS and the result obtained by the Continuous Forest Inventory for the SDF itself (BRENA, 2001 ). However, due to the different criteria for inclusion of individuals (DAP or minimal PAP), these variables can change considerably.
In summary, SDF studies of Serra Geral Slope focus on the Santa Maria region and valleys of the Pardo and Taquari river basins, while regions such as the valleys of high Jacuí, Antas, Caí, Forqueta and Ibicuí-Mirim rivers, and surrounding Venâncio Aires are subsampled. The median richness is 54 species, however, the alluvial formation presents significantly lower richness than the other formations. Fabaceae is generally the richest family, while Eugenia spp. is the richest genre. Species that present, in several studies, the higher IVI, are A. concolor and C. vernalis. The species of wide distribution in the RS and zoochory tend to have important participations in the richness and density of the SDF of the Serra Geral Slope. As for the guilds of ecological succession, the early secondary have important participation in the species richness and the later secondary in its turn in the density. The median diversity index of Shannon is 3.10 and Pielou equability is 0.78, with no significant differences between formations. The different sampling methods and inclusion criteria of DAP have repercussions on variable results in density, height and DAP, creating obstacles to the comparison.
Conclusions
There are several floristic and phytosociological studies carried out in the SDF of the Serra Geral Slope of Rio Grande do Sul State, Brazil, considering both conserved and regenerated environments due to natural phenomena (flood pulses) or anthropogenic impacting actions. A wide range of information on the tree stratum is already available, especially in relation to the riparian forest and submontane formation. These data are essential for future studies and projects in the region, as they can be compared to diagnose environmental conservation and support interventions for the recovery of degraded areas and sustainable management projects.
On the other hand, we highlight the lack of studies in certain formations, suggesting that future studies focus on montane formations and alluvial / submontane, submontane / montane and SDF / mixed ombrophilous forests transition. As well as in the regions with few studies mentioned above, with special focus on the inlet valleys of the Caí, Antas and Forqueta rivers, and respective tributaries, which present proportionally large remnants and are threatened by hydroelectric projects. Phytosociology is applied to describe the different strata, to discuss changes due to environmental variables (pedology, floods, topography), to calculate wood stock and as a component of sustainability index. However, it should be emphasized that phytosociology should not only be used as a tool for obtaining data, but rather as an important instrument to evaluate the conservation of ecosystems and as a diagnostic of the sustainability of anthropic activities. A suggestion for the continuity of SDF studies would be a multivariate analysis of phenological, floristic, phytosociological and diversity data, based on existing data and new data that may be aggregated, in order to verify the occurrence of different groupings or types of formations within the SDF, such as separation between core areas and marginal or contact areas. Also, the comparison could be extended to include studies in the RS Semi-deciduous Seasonal Forest, in order to follow the idea of Schumacher et al. (2011b) .
